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Abstract 


In this paper, chromosome numbers of 23 species from the flora of Egypt — 
including four new counts —, distributed in six tribes of subfamily Asteroideae 
(Asteraceac), are reported. Detailed karyotype features, 1. e. chromosome length 
(MCL) and karyotype asymmetry expressed as arm ratio (MAR), total form per- 
cent (TF%), intrachromosomal asymmetry index (Al) and interchromosomal 
asymmetry index (A2), are described. 


Introduction 


The Asteraceae are represented in the Egyptian wild flora by 93 genera and 230 
species (Táckholm 1974). The family is also represented in the weeds of Egypt by 
26 species (Boulos & El-Hadidi 1989). 


The Asteraceae show a great array of chromosome numbers. Following Solbrig 
(1977), numbers vary from as low as n = 2 in Haplopappus gracilis (Nutt.) Gray 
and Brachycome lineariloba (DC.) Druce to as high as n = 103 in Werneria apicu- 
lata Sch. Bip., n = 106 in Werneria nubigena Kunth, and n = 110-120 in Monta- 
noa guatemalensis Robins. & Greenm. However, the most common basic number 
in the family is x = 9. 
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The members of the family in thc Egypuan flora have not been a subject of exten- 
sive cytological investigations, but Nordenstam (1972) reported chromosome 
counts from 24 species of Egyptian Asteraceae. Also, chromosome numbers of 
some species which grow in Egypt are known from chromosome counts in plants 
from near floras, particularly that of Europe. In the present study, chromosome 
numbers and detailed karyotype features of 23 Egyptian species belonging to 
subfamily Asteroideae are reported. 


Material and methods 


Material of 23 species belonging to six tribes of the subfamily Asteroideae was 
collected from their natural habitats. The studied species and the localities from 
which they were collected are given in Table 1. Collectors are in all the cases A. 
Badr and E. Kamel. Vouchers of the collections are preserved in the herbarium of 
the Biological Science and Geology Department, Faculty of Education, Ain Shams 
University (Egypt). 


Cytological preparations were carried out on root tips obtained from seeds 
germinated on sterile moist filter papers in Petri dishes at 20-25' C. Roots were pre- 
treated with 0.05% colchicine solution for 3-4 h and fixed in Camoy for 24 h and 
stored in 70% ethanol at 4°C. Cytological preparations were made using the 
Feulgen squash method and well-spread c-metaphase chromosomes were photo- 
graphed from temporary preparations at a magnification of 2000x. Slides of the 
original karyotypes are also preserved in the Laboratory of Cytogenctics of the 
same department. 


A karyogram for each species was constructed by arranging the chromosomes in 
homologous pairs by order of their length and arm ratio as measured from the pho- 
tographic prints and the number of chromosome types were determined as de- 
scribed by Levan & al. (1965). Measurements of chromosome lengths were taken 
on the same photographs of the karyogram. Karyograms are based in one plate. 


The variation in chromosome length (MCL) and chromosome arm ratio (MAR) 
within the karyotype has been estimated by calculating the standard error (SE) of 
these parameters. Karyotype asymmetry deduced from the ratio between the short 
arms of the chromosomes and their total length was expressed as total form percent 
(TF%) as proposed by Huziwara (1962). Karyotype asymmetry expressed by the 
ratio between the chromosome arms has been also estimated as the intrachromo- 
somal asymmetry index (A1) as suggested by Romero Zarco (1986). 
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The value of Al is framed as to be close to zero if all chromosomes are meta- 
centric and near to one if all chromosomes are telocentric. Karyotype asymmetry 
due to the ratio between size of different chromosomes has been also estimated as 
the interchromosomal asymmetry index (A2) using Pearson’s dispersion coeffi- 
cient, that is the ratio between the standard deviation and the mean chromosome 
length (Romero Zarco 1986). 


The existence of previous chromosome counts for the studied species has been 
verified in the indexes of plant chromosome numbers by Fedorov (1969), Goldblatt 
(1981, 1984, 1985, 1988), Goldblatt & Johnson (1990, 1991, 1994, 1996) and 
Moore (1971, 1972, 1973, 1974, 1977). 


Results and discussion 


The cytological features of the 23 investigated species are summarised in Table 1. 


Tribe Anthemideae 


The chromosome numbers and karyotype description are shown for six species of 
this tribe. One of them (Achillea fragrantissima) is reported for the first time 
(Table 1). Somatic number of 2n = 2x = 18 ts found in Achillea fragrantissima, 
Chamomilla recutita and Chrysanthemum coronarium. 2n = 4x = 36 is recorded in 
Achillea santolina and Artemisia monosperma. In Artemisia Judaica, 2n = 2x = 16 
is recorded. The same chromosome numbers have been reported previously for 
Achillea santolina, Artemisia judaica, Chamomilla recutita and Chrysanthemum 
coronarium. In this last species both diploid (2n = 18) and tetraploid (2n = 36) 
numbers were recorded. Our report of 2n = 36 in Artemisia monosperma differs 
from that of Nordenstam (1972), who found 2n = 34 in materials from Egypt. 


In the tribe Anthemideac, x = 9 seems to be the dominant basic number: it is re- 
corded in five of the six species examined here. Only in Artemisia judaica (2n = 
16) a basic number of x = 8 is reported. In the genus Artemisia, Fedorov (1969) 
listed this chromosome number of x = 8 in 21 species, whereas x = 9 was listed 
in 123 species of the genus. Vallès (1987) and Oliva & Vallès (1994) confirm that 
x = 9 is dominant in the genus. 


The highest MCL (4.20*0.16*) is recorded in Chrysanthemum coronarium, 
whereas the shortest MCL (1.91 *0.11*) in Achillea fragrantissima. The chromo- 
somes in this tribe are clearly longer than those of other tribes (Table 1). 
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Karyotypes of the six species include only metacentric and submetacentric 
chromosomes (Fig. 1, A-F) with close similarity between them in the MAR values: 
the highest (1.50: 0.09) is recorded in Artemisia monosperma and the lowest 
(1.39: 0.09) in both Artemisia judaica and Chrysanthemum coronarium. Similar 
high values of TF% are also found in the examined species of this tribe. The high 
degree of karyotype symmetry in these species is also indicated by similar Al and 
A2 values (Table 1). 


Tribe Astereae 


The Astereae are represented in this study by Aster squamatus and Conyza 
linifolia. Chromosome number of Aster squamatus is 2n = 2x = 20, while in 
Conyza linifolia 2n = 6x = 54 is scored. Both numbers were previously recorded. 
The MCL is 1.48* 0.12* in Aster squamatus and 1.02: 0.06* in C. linifolia. The 
latter species has the shortest chromosomes among the species studied (Fig. 1, G 
and H). Aster squamatus has a higher MAR and a lower TF%, as compared to 
Conyza linifolia (Table l). Both species have similar Al values, but Aster 
squamatus has considerably higher A2 value (Table 1). 


Tribe Calenduleae 


In this tribe the chromosome number of Calendula arvensis is examined: 2n = 4x = 
36. The same number was recorded by other authors. Nevertheless, a very different 
number of 2n = 44 is reported in other counts. The MCL in Calendula arvensis is 
1.17« 0.08: and its karyotype is the most symmetric of the studied species: MAR= 
1.08: 0.03 and TF%= 48.10. The symmetry of the karyotype of this species (Fig. 2, 
A) is also indicated by the A1 value (0.07) which is the lowest among the species 
investigated (Table 1). 


Tribe Heliantheae 


The karyotypes of five species in this tribe are studied. In the two species of Xan- 
thium, 1.C. X. spinosum and X. strumarium, 2n = 4x = 36 is recorded. In Bidens pi- 
losa, 2n = 2x = 24 is observed, whereas, in both //elianthus annuus and Verbesina 
encelioides the number recorded is 2n = 2x = 34. All our results coincide with 
previous counts. However, in B. pilosa both tetraploid (2n = 48) and hexaploid (2n 
= 72) numbers were also reported. 
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The longest chromosomes among the five species of Heliantheae are found in X. 
strumarium (MCL= 2.0: 0.17*), while the shortest (MCL= 1.19* 0.08*) are recor- 
ded in V. encelioides. The karyotypes of the five species are symmetric (Fig. 2, B- 
F), being composed of metacentric chromosomes with small variation among them 
in the MAR. The highest MAR (1.45: 0.05) is recorded in V. encelioides, whereas 
the lowest MAR (1.33: 0.05) is found in H. annuus. The low MAR values recorded 
in the species of Heliantheae are correlated with high values of the TF%. The 
similarity among the studied species of this tribe in karyotype symmetry is also 
reflected by similar A1 and A2 valucs (Table 1). 


Tribe Inuleae 


The tribe Inulcae is represented here by seven species. Chromosome counts and 
karyotype descriptions of three of them (Pulicaria undulata, Phagnalon barbey- 
anum and Pluchea dioscoridis) are presented here for the first time (Table 1). 
Somatic numbers vary between 2n = 2x = 8 in /phiona mucronata to 2n = 4x = 40 
in Pluchea dioscoridis. In Pallenis spinosa the somatic number is 2n = 2x = 10, 
whereas in Pulicaria undulata 2n = 2x = 12 is recorded. Both in /nula crithmoides 
and Phagnalon barbeyanum a diploid number of 2n = 18 is found, while the re- 
corded number for Filago desertorum is 2n = 2x = 28. Numbers of /nula crithmoi- 
des, Pallenis spinosa and Filago desertorum have been previously scored by other 
authors. Our result of 2n = 8 in /phiona mucronata, however, dillers from a previ- 
ous count of 2n = 18 by Amin (1972), also on Egyptian material. 


The highest MCL among the seven species of Inuleae is found in /phiona mucro- 
nata (2.0: 0.14:), whereas the shortest were observed in Filago desertorum 
(1.17. 0.07). The highest MAR value (1.80: 0.15) is recorded in Pulicaria undu- 
lata, whereas the lowest (1.11: 0.05) was found in Phagnalon barbeyanum. The 
low MAR recorded for the species of this tribe is correlated with high values of the 
TF% (Table 1), indicating a high degree of karyotype symmetry. The karyotype 
symmetry in the seven species of Inuleae is also illustrated by the presence of only 
metacentric and submetacentric chromosomes in the karyotypes of these species 
(Fig. 3, A-G). However, the Al and A2 valucs indicate some degree of karyotype 
asymmetry in some species. The Al value ranges between 0.10 in P. barbeyanum 
to 0.43 in Pulicaria undulata, whereas the highest A2 (0.24) value is found in P. 
spinosa and the lowest (0.11) in /nula crithmoides (Table 1). 
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Tribe Senecioneae 


In the two species of this tribe, Le Senecio aegyptius and S. vulgaris, 2n = 4x = 40 
is recorded. The same number has been reported in other previous counts for both 
species. The chromosomes of the two species are similar in length, MCL is 
1.27. 0.09» in S. aegyptius and 1.19e 0.04: in S. vulgaris. The chromosomes of 
both species are all metacentric (Fig. 3, H and I) with some differences between 
them in the MAR, being 1.36¢ 0.03 for S. aegyptius and 1.07+ 0.02 for S. vulgaris. 
Differences between these two species in karyotype asymmetry are also reflected 
in the values of the TF% and are more clearly manifested in the values of Al and 
A2, being 0.26 & 0.23 for S. aegyptius and 0.16 & 0.12 for S. vulgaris respectively 


(Table 1). 


Conclusions 


Of the 23 species studied from the Egyptian flora, polyploid numbers are recorded 
in nine species, distributed in the six tribes (Table 1). It is notable that poly- 
ploidization occurs only in species with x = 9 or 10. 


With regard to the evolution of the basic chromosome number in Asteraceac, 
Solbrig (1977) suggested that x = 9 is the ancestral basic chromosome number for 
all the family. Basic numbers higher than x = 9 should be the result of cycles of 
polyploidy and successive ancuploid reduction; chromosome numbers lower than x 
= 9 should be the result of aneuploid reductions. Descending aneuploidy is a gen- 
eral wend in the whole family, as it has been repeteadly pointed out by Stebbins, 
1950: 449 & 456, tab. 89, and 1971: 93-96. 


AS to karyotype symmetry, the calculated TF% of the karyotypes of the examined 
species ranges between TF%= 35.37 in Pulicaria undulata (Inuleac) to TF%= 
48.36 in Senecio vulgaris (Senecioncac). The values of the TF% for the studied 
species thus support previous observations (Huziwara 1962, Mchra 1977) that the 
karyotype in the Asteraceae is symmetric. The intrachromosomal asymmetry index 
(A1), on the other hand, defines some clear differences between the studied species 
in the tribes Senecioneac, Inuleac, Heliantheae and Anthemideac. The interchro- 
mosomal asymmetry index (A2), however, shows little differences between the 
studied species. 


Measurements of chromosome length indicate that species in tribe Anthemideae 
have substantially longer chromosomes than those in other tribes. The longest 
chromosomes are found in Chrysanthemum coronarium (MCL= 4.20» 0.16: ), 
whereas the shortest chromosomes arc observed in Conyza linifolia of tribe 
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Astereae (MCL= 1.02: 0.06»). In all the studied species, however, small differ- 
ences in length are recorded among the chromosomes in the karyotype. 
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Figure captions 


Figure 1. Karyograms of A) Achillea fragrantissima; B) Achillea santolina; C) 
Artemisia judaica; D) Artemisia monosperma; E) Chamomilla recutita, F) 
Chrysanthemum coronarium; G) Aster squamatus; H) Conyza linifolia. 


Figure 2. Karyograms of A) Calendula arvensis; B) Bidens pilosa; C) Helianthus 
annuus, D) Verbesina encelioides; E) Xanthium spinosum; F) Xanthium 
strumarium. 


Figure 3. Karyograms of A) Filago desertorum; B) Inula crithmoides; C) Iphiona 
mucronata; D) Pallenis spinosa; E) Pulicaria undulata; F) Phagnalon 
barbeyanum; G) Pluchea dioscoridis; H) Senecio aegyptius; I) Senecio vulgaris. 


Comp. Newsl. 30, 1997 


1 2 3 4 5 6 7 8 9 


8) 88 09 BA 8d P) ($4 93 vo 


1 2 3 4 5 
Uu fur Un IU gous 

6 7 8 9 
DO BERR GAYI Buse 

1 2 3 4 5 6 7 8 
lé LA Al Er 18 eo teas 
"n un un TT wu 
YT TIT tan YT 

1 6 7 8 9 
I st i T " " a 86 B5 


I T T T T It in 


6 8 9 10 
i FA is má NA E Ba as OG so 


1 2 3 4 5 
1818 8818 688816 61889 UDOAOB 
D 7 8 9 
998585 Bannen Gasnda 684889 
| 10 pm | 


Fig. 1. 


Comp. Newsl. 30, 1997 27 


1 2 3 4 5 6 
A RENA BEBAN AVAA UnRVG BYRD Bonn 


7 8 9 
gang avoa ses 


p AN PA SR Pr aA Y NW Y 


10 11 43 
A 8 @ @ 8 


1 2 3 4 5 6 7 8 
AN RE at 8) 88 EG at we 


C 9 10 11 13 14 15 
8! 88 AB ou DA 18 an as 
8 9 
1 2 3 4 10 


5 6 7 8 9 
Alot KA và ON ài 88 Bt A^ 
D 11 12 13 14 15 16 17 
ag KA DA di as ee a a 


5 


1 2 3 4 
QAE 6888 Bane LUNAM GUAN 
E 6 7 8 9 


1 2 3 4 5 
RARI RENA KRAN Breng FARA 
7 8 3 

TES & e Z3 “QR SARS 
— 10 pm 


Fig. 2. 


F 


H 


Comp. Newsl. 30, 1997 


U ea Ak E ME 9 
BR at at ag st An 48 DU PN 


10 11 12 13 14 
as as ug es sw 


1 AN: iA 5 6 7 8 9 
ac AN BERBE BA 59 as GB KA 


1 2 3 4 
RA wu BH BA 
2 3 4 5 
BE be ea BE as 
1 2 3 4 5 6 


EA b Bh Gm ce an 


1 2 3 4 5 6 7 8 9 
KA BA IN dA un AN 88 Bh as 


1 2 


pate oer TI DI TU 
nave sann TIT "T wand 


1 2 3 4 5 
Beas 8088 sete COGO san 


6 7 8 9 10 
WR "WWW ses easa gege 


1 2 
abug è $8 EE. S cM 
7 9 10 
R WW eras Biwo a a sé ee á © 
I 1O un 


Fig 3. 


